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Tbjective: Infected aneurysm of the aortic arch is rare and can be fatal without
urgery. We report our surgical experience with infected aneurysms of the aortic
rch.
ethod: We conducted a retrospective chart review.
esults: Between 1995 and 2006, 10 patients with infected aneurysms of the aortic
rch were treated at our hospital. There were 8 men with a median age of 67.5 years
range, 50–79 years). The most common pathogen was nontyphoid Salmonella in 5
50%) patients, followed by Staphylococcus aureus in 2 patients. The site of
nfection was the aortic arch at the level of the brachiocephalic artery in 1, the left
ommon carotid artery in 4, and the left subclavian artery in 5 patients. All patients
nderwent in situ graft replacement under deep hypothermic circulatory arrest.
here was 1 (10%) hospital death because of persistent infection. Major postoper-
tive complications occurred in 7 (70%) patients, with hypoxic encephalopathy
ccurring in 4 patients. Late prosthetic graft infection occurred in 1 patient, who
ied of massive gastrointestinal bleeding 4 months after the operation. Of the 9
atients with distal arch aneurysms, 3 were operated on through a sternotomy with
hospital mortality rate of 33% and an aneurysm-related mortality rate of 67%. The
peration was performed through a thoracotomy in 6 patients, with no hospital
ortality and an aneurysm-related mortality rate of 17%.
onclusions: Infected aortic arch aneurysm was uncommon and nontyphoid Sal-
onella was the most common pathogen. Current treatment with in situ graft
eplacement was associated with high mortality and morbidity. Improvements in
erebral protection and surgical techniques should improve patient outcome.
n infected aneurysm of the aorta and adjacent arteries is a rare but life-
threatening condition.1-10 The mortality rate is extremely high without
surgical treatment. Infected aortic aneurysm is common in Taiwan and
ong Kong.11-16 We11-16 have reported that with early surgical intervention and
rolonged intravenous antibiotics, surgery with in situ graft replacement provides a
ood outcome. However, patients with infected aneurysms of the aortic arch were
ot included in previous studies. Only sporadic cases of infected aneurysms of the
ortic arch have been reported, and the overall clinical outcome is poor.17-19 Herein,
e report our surgical experience with infected aneurysms of the aortic arch.
atients and Methods
etting
he National Taiwan University Hospital (Taipei, Taiwan) is a 2000-bed tertiary care
ospital. It serves an urban population of 2 million persons as both first-line and tertiary
acilities. It serves also as a referral center for other hospitals in the country with a population
f 22 million persons.
atients
he study patient cohort was obtained from a retrospective analysis of the clinical data for
atients with infected aneurysms of the aortic arch from September 1995 to September 2006.
he Journal of Thoracic and Cardiovascular Surgery ● Volume 134, Number 5 1157
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A
CDatients with infection of the ascending aorta, descending thoracic
orta, and abdominal aorta were excluded.
iagnosis
he diagnosis of infected aneurysm was made by a combination of
linical evidence of infection, imaging evidence of infected aorta,
nd/or pathologic evidence of inflammation. Clinically, infected
ortic aneurysm was usually preceded by infected aorta or aortitis.
nfected aorta was diagnosed with clinical evidence of infection
fever and leukocytosis) and periaortic soft tissue infiltration dem-
nstrated by imaging study with either computed tomography or
agnetic resonance imaging.20 Blood and tissue cultures were
epeated to find the responsible microorganism. The diagnosis
f infected aneurysm was further confirmed by the presence of
rank pus during the operation and the presence of acute sup-
urative inflammation and/or bacterial clamps on pathologic
xamination.21
edical Treatment
s described previously,13,14 an intravenous antibiotic was given
nce the diagnosis was confirmed. For patients with Salmonella
pecies infections, intravenous ceftriaxone (1000-2000 g every12
ours) was used. For patients with non-Salmonella infections,
ntibiotic use was based on culture results and sensitivity tests. In
atients with a good response to antibiotic treatment (no fever, no
ocalized pain, and declining white cell count), surgical interven-
ion was considered after the infection was controlled. Imaging
tudy was repeated if patients had a new symptom or sign sug-
esting aortic pseudoaneurysm formation (shock, a new localized
ain, or a new palpable mass) or after complete antibiotic treat-
ent. Early surgical intervention, which was defined as operation
efore the infection was controlled, was performed only in the
ituations of uncontrolled infection (persistent fever or septic
hock) or evidence of impending aortic rupture (persistent pain,
hock, or enlarging pseudoaneurysm formation on the repeated
maging study).
urgical Treatment
urgical management consisted of wide debridement of infected
issue, copious saline irrigation, and in situ repair with a Dacron
raft. Homograft or antibiotic-immersed graft was not used be-
ause of unavailability.
The selected operative approach depended on the surgeon’s
reference. Median sternotomy was selected in patients with prox-
mal aortic arch or distal aortic arch aneurysms. Cardiopulmonary
ypass was instituted through arterial cannulation of the ascending
orta or right subclavian artery and venous cannulation of the right
trium. The reconstruction of the aortic arch and arch vessels was
erformed with the patient under deep hypothermic circulatory
rrest. Methods of brain protection during circulatory arrest, in-
luding deep hypothermia alone, retrograde cerebral perfusion,
nd selective antegrade cerebral perfusion, also depended on the
urgeon’s preference. Left posterolateral thoracotomy was selected
or patients with distal arch aneurysms. Cardiopulmonary bypass
as instituted through cannulation of the femoral artery and fem-
ral vein. Proximal aortic anastomosis was performed with the
atient under deep hypothermic circulatory arrest. No adjunctive e
158 The Journal of Thoracic and Cardiovascular Surgery ● Noverebral perfusion was used in patients treated by a thoracotomy
pproach.
Antibiotics were administered intravenously in the hospital for
t least 6 to 8 weeks and until the clinical and laboratory param-
ters (fever, white cell count, and C-reactive protein) were within
ormal limits. Antibiotics were continued orally after discharge for
east 6 months by surgeon’s preference.
ata Collection
ata on age, sex, medical comorbidities, operation status, location
f infected aneurysms, surgical procedure, and clinical outcome
ere collected retrospectively from medical records. Aneurysm-
elated mortality was defined as a death caused by persistent
nfection or postoperative complications directly related to the
peration. Death occurring more than 6 months after the operation
as considered not aneurysm related.
esults
atient Characteristics
rom 1995 to 2006, 10 patients with infected aneurysms of
he aortic arch were treated in our hospital. The patient
emographics are shown in Table 1. There were 8 men and
women with a median age of 67.5 years (range, 50–79
ears). The medical comorbidities included hypertension in
patients, diabetes mellitus in 4 patients, chronic obstruc-
ive pulmonary disease in 1 patient, coronary artery disease
n 3 patients, and pulmonary tuberculosis and end-stage
enal disease with regular hemodialysis in 1 patient each.
Of the 10 patients, 9 were febrile at presentation and 4
ad localized chest or back pain. No patient was in shock at
he time of surgical treatment. Consciousness was disturbed
n 3 patients, and hemoptysis and hemothorax were present
n 1 patient each. One patient had an acute left middle
erebral artery ischemic stroke because of local compres-
ion of the left common carotid artery by an infected distal
rch pseudoaneurysm. Two patients underwent emergency
perations because of large aortic pseudoaneurysm and
emoptysis.
As shown in Table 1, all of our patients had aortic
seudoaneurysm or saccular aneurysm on the initial imag-
ng study. The size of pseudoaneurysm ranged from 3 to 6.5
m in maximal diameter. The site of infection was the
roximal aortic arch at the level of the brachiocephalic
rtery in 1 patient, the distal aortic arch at the level of the
eft common carotid artery in 4 patients, and the distal aortic
rch at the level of the left subclavian artery in 5 patients.
icrobiology
ll patients had a positive blood or tissue culture. The most
ommon responsible microorganism was nontyphoid Sal-
onella in 5 (50%) patients followed by Staphylococcus
ureus in 2 (20%) patients and Escherichia coli, Strepto-
occus pneumoniae, and Klebsiella pneumoniae in 1 patient
ach. The serotypes of isolated nontyphoid Salmonella were
ember 2007
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A
CDalmonella cholerasuis in 2, Salmonella enteritidis in 2, and
almonella typhimurium in 1 patient.
urgical Treatment
ll patients underwent in situ graft replacement. The me-
ian duration of preoperative antibiotic use was 8.5 days
range, 0-21 days). The treatment and outcome are summa-
ized in Figure 1. The extent of arch replacement was partial
roximal arch replacement in 1 patient, total arch replace-
ent in 3 patients, and partial distal replacement in 6
atients (Table 1).
ternotomy
he operation was performed through a median sternotomy
n 4 patients (1 for proximal arch aneurysm and 3 for distal
rch aneurysm). A 58-year-old man with a history of coro-
ary artery disease had bacterial meningitis caused by Kleb-
iella pneumoniae. He had persistent fever and conscious-
ess disturbance despite the use of intravenous ceftriaxone
or 2 weeks. Shock developed, and an echocardiogram
howed massive pericardial effusion. Chest computed to-
ography showed a huge pseudoaneurysm over the proxi-
al aortic arch at the level of the brachiocephalic artery.
ulture of the aspirated pericardial effusion indicated Kleb-
iella pneumoniae. He underwent replacement of the as-
ABLE 1. Patient demographics of infected aneurysms of
o. (sex,
ge [y]) Pathogen
Location of
aneurysm
Clinical
presentation
(M, 67) Salmonella,
typhimurium
Level of LCCA Fever
(M, 57) Salmonella
choleraesuis
Level of LSCA Fever, chest pain
(M, 58) Klebsiella
pneumoniae
Level of BCA Fever, loss of
consciousness
(M, 79) Salmonella
enteritidis
Level of LSCA Fever
(F, 66) Salmonella
choleraesuis
Level of LSCA Fever
(M, 79) Escherichia coli Level of LSCA Fever, loss of
consciousness,
chest pain
(M, 78) Staphylococcus
aureus
Level of LCCA Fever, ischemic
stroke
(M, 68) Staphylococcus
aureus
Level of LSCA Fever
(M, 50) Salmonella
enteritidis
Level of LCCA Fever,
hoarseness
0 (F, 70) Streptococcus
pneumoniae
Level of LCCA Hemoptysis,
drowsiness
SCA, Left subclavian artery; BCA, brachiocephalic artery; LCCA, left co
bstructive pulmonary disease; CAD, coronary artery disease.ending aorta and proximal aortic arch and reimplantation p
The Journal of Thoracicf the brachiocephalic artery under deep hypothermic cir-
ulatory arrest and retrograde cerebral perfusion for 80
inutes. The postoperative course was smooth and his
onsciousness gradually recovered 1 month after the oper-
tion. The other 3 patients with distal arch aneurysms un-
erwent total arch replacement through a median sternot-
my. Arch reconstruction was performed with an arch
sland in 2 patients and multi-branched graft in 1 patient
Table 1). Methods of brain protection were retrograde
erebral perfusion in 1 patient and selective antegrade ce-
ebral perfusion in 2 patients. The only hospital death oc-
urred in a 78-year-old patient with an infected aneurysm of
he distal aortic arch caused by methicillin-resistant Staph-
lococcus aureus. He underwent an urgent operation be-
ause of progressive left cerebral hemispheric ischemic
troke caused by localized rupture of the infected aneurysm
nd compression of the left common carotid artery. He died
f early prosthetic graft infection and overwhelming sepsis
weeks after the operation. The other 2 patients had severe
ypoxic encephalopathy after the operation and 1 patient
ied of multiple organ failure shortly after discharge.
horacotomy
he operation was performed through thoracotomy in 6
ortic arch and arch vessels
Medical diseases Imaging finding
Operation and extent of
arch replacement
e Pseudoaneurysm,
6 cm
In situ grafting; partial
distal arch
Pseudoaneurysm,
4.8 cm
In situ grafting; partial
distal arch
, bacterial
ningitis
Pseudoaneurysm,
5.5 cm
In situ grafting; partial
proximal arch
onary tuberculosis,
, HT
Pseudoaneurysm,
5 cm
In situ grafting; total
arch (island)
HT, CAD Pseudoaneurysm,
3 cm
In situ grafting; partial
distal arch
D, heart failure Pseudoaneurysm,
6 cm
In situ grafting; partial
distal arch
coderma Pseudoaneurysm,
5 cm
In situ grafting; total
arch (island)
HT, CAD, uremia Pseudoaneurysm,
5.5 cm
In situ grafting; total
arch (multi-
branched graft)
e Pseudoaneurysm,
4 cm
In situ grafting; partial
distal arch
central pontine
elinosis
Pseudoaneurysm,
6.5 cm
In situ grafting; partial
distal arch
carotid artery; DM, diabetes mellitus; HT, hypertension; COPD, chronicthe a
Non
HT
CAD
me
Pulm
DM
DM,
COP
Toxi
DM,
Non
DM,
my
mmonatients with distal arch aneurysm (Figure 1). They under-
and Cardiovascular Surgery ● Volume 134, Number 5 1159
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1
A
CDent in situ graft replacement and/or reimplantation of the
eft subclavian artery under deep hypothermic circulatory
rrest. There was no hospital mortality. Two of them had
ostoperative hypoxic encephalopathy. A 70-year-old
oman with an infected distal arch aneurysm caused by
treptococcus pneumoniae had hemoptysis and conscious-
ess disturbance. The suspected aortobronchial fistula was
ntreated during the operation and she had lifelong oral
ntibiotic therapy.
Major postoperative complications occurred in 7 (70%)
f 10 patients. Hypoxic encephalopathy occurred in 4 pa-
ients, respiratory failure with prolonged ventilator support
ccurred in 2 patients, and reoperation for bleeding, sternal
ound infection, nosocomial bacteremia, thoracotomy
ound infection, and early prosthetic graft infection oc-
urred in 1 patient each.
The follow-up ranged from 3 to 16 months. Late pros-
hetic graft infection occurred in a 57-year-old man with
nfected distal arch aneurysm caused by Salmonella chol-
rasuis. He underwent a successful operation after the pre-
perative use of ceftriaxone for 8 days. However, he died of
ortoenteral fistula and massive bleeding 4 months after the
peration.
Overall, the hospital mortality rate of in situ graft re-
lacement was 10%. The aneurysm-related mortality rate
Figure 1. Treatment and outcome in patienas 40%. o
160 The Journal of Thoracic and Cardiovascular Surgery ● Noviscussion
nfected Aneurysm
arly diagnosis and a combination of surgical intervention
nd prolonged antibiotic therapy are essential for survival in
atients with infected aortic aneurysms.1-16 The reported
ospital mortality rates range from 16% to 44%.1-10 For fear
f graft infection, early studies4-6 suggested that extra-
natomic bypass grafting was the method of choice. Re-
ently, more and more studies1-3,7-16 showed that in situ
raft replacement was successful if prompt confirmation of
nfection was obtained, all possibly infected tissue was
esected, and antibiotic therapy based on sensitivity data
as administered for a prolonged period.
Infected aneurysms of the thoracic aorta are extremely
ncommon.19 Infected aneurysms affecting the aortic arch
rovide an even more complex surgical challenge because
he site of infection is difficult to approach and hypothermic
irculatory arrest is usually required during the proce-
ure.17-19 In addition, infected aneurysms of the aortic arch
re not amenable to extra-anatomic reconstruction. It is
sually difficult to remove the infected tissue completely in
atients with infected aortic arch aneurysms. Therefore,
uch patients are likely to have persistent infection and high
ates of postoperative complications related to the surgical
rocedures. In this current series, the hospital mortality rate
ith infected aneurysms of the aortic arch.ts wf in situ graft replacement was not high. The lack of
ember 2007
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A
CDatients presenting with shock and the wealth of surgical
xperience in treating infected aortic aneurysm in our hos-
ital contributed to the low mortality rate.13,14 Major post-
perative complications included prosthetic graft infection
nd hypoxic encephalopathy. The incidence of prosthetic
raft infection in treating infected arch aneurysm was high.
rosthetic graft infection occurred in 2 (1 early and 1 late)
f all 10 surgically treated patients. The possible ways to
mprove the outcomes include appropriate and prolonged
ntibiotic therapy, aggressive surgical debridement, possi-
ly use of multi-branched grafts, and placement of pedicled
ascular tissue such as omentum or intercostal muscle to
eparate the graft from an infected bed of tissue. However,
urther studies are needed to prove these points.
A total of 9 patients with distal arch aneurysms were
reated in this current series (Figure 1). The rate of postop-
rative hypoxic encephalopathy (40%) was high because the
nfected tissue should be removed completely before con-
ucting aortic anastomosis. The duration of deep hypother-
ic circulatory arrest was greater than 60 minutes in 60% of
ur patients.
The operation was performed through a median sternot-
my in 3 patients. The hospital mortality rate was 33%, the
ate of postoperative hypoxic encephalopathy was 67%, and
he aneurysm-related mortality rate was 67%. By contrast,
he operation was performed through a thoracotomy in 6
ABLE 2. Clinical outcomes of infected aneurysms of the
o.
Antibiotic
used
Preoperative
antibiotic
duration
Operative
approach
Duration of
DHCA
1 Ceftriaxone 16 d Thoracotomy 88 min A
2 Ceftriaxone 8 d Thoracotomy 67 min A
3 Ceftriaxone 19 d Sternotomy 80 min A
4 Ceftriaxone 0 d Sternotomy 93 min A
5 Ceftriaxone 14 d Thoracotomy 52 min A
6 Ceftriaxone 21 d Thoracotomy 40 min A
7 Teicoplanin 4 d Sternotomy 103 min D
8 Vancomycin 11 d Sternotomy 36 min A
9 Ceftriaxone 5 d Thoracotomy 26 min A
10 Ceftriaxone 1 d Thoracotomy 55 min A
HCA, Deep hypothermic circulatory arrest.atients. The rate of hospital mortality (0%), the rate of c
The Journal of Thoracicostoperative hypoxic encephalopathy (33%), and the
neurysm-related mortality rate (17%) were comparatively
ow. The extent of arch involvement did not differ between
ur patients treated by thoracotomy or sternotomy. The
ossible reason for the better outcomes in the thoracotomy
roup was shorter hypothermic circulatory arrest times
Table 2). Measures to avoid postoperative hypoxic enceph-
lopathy, such as selective antegrade cerebral perfusion, are
andatory to improve outcome in patients undergoing sur-
ery for infected aortic arch aneurysms. Although intraop-
rative cerebral perfusion is difficult when patients are
perated on through a thoracotomy, adjunctive cerebral
erfusion should be used in patients treated via a sternotomy
o minimize the risk of hypoxic encephalopathy.
icrobiologic Analysis
n Western countries, the most common organisms respon-
ible for infected aneurysm are Staphylococcus aureus and
treptococcus species.1-10 In Taiwan, nontyphoid Salmo-
ella is the most common pathogen.11-15 The mortality rate
as 40% in Salmonella-infected patients who had combined
edical and surgical treatment and 96% in patients who had
edical treatment alone.22 Persistent or recurrent infection
ate was 30% in Salmonella-infected patients who survived
urgery.23 Salmonella-infected aneurysms of the thoracic
orta are rare. In a collected series of 14 previously reported
c arch and arch vessels
spital
come Postoperative complication(s) Late outcome
Respiratory failure, hypoxic
encephalopathy
Alive, 7 mo
Wound infection Died at 4 mo of late
prosthetic
infection
None Alive, 13 mo
Hypoxic encephalopathy Died at 3 mo of
multiple organ
failure
Respiratory failure, nosocomial
bacteremia
Alive, 16 mo
Hypoxic encephalopathy Alive, 14 mo
f early
sthetic
ction
Early prosthetic infection
Hypoxic encephalopathy,
reopen for bleeding, sternal
wound infection
Alive, 7 mo
None Alive, 16 mo
None Alive, 7 moaorti
Ho
out
live
live
live
live
live
live
ied o
pro
infe
live
live
liveases of Salmonella-infected aneurysms of the thoracic
and Cardiovascular Surgery ● Volume 134, Number 5 1161
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1
A
CDorta, 10 patients underwent operation and 6 (60%) patients
ied within 1 month after the diagnosis was made.17 In-
ected aneurysms of the aortic arch are even more uncom-
on and have been reported in only 4 cases previously. Two
atients died shortly after establishment of the diagnosis;
 patients survived.17,18 In this current series, we added 5
atients with infected aortic arch aneurysms caused by
ontyphoid Salmonella. There was no hospital mortality,
nd late prosthetic graft infection occurred in 1 patient.
Methicillin-resistant Staphylococcus aureus has emerged
s a major nosocomial pathogen throughout the world.24 At
ur institution, the prevalence of methicillin resistance
mong Staphylococcus aureus isolates recovered from all
osocomial infections increased from 4.3% in 1981–1986 to
8.9% in 1993 to 1998.25 Methicillin resistance is associ-
ted with increased mortality in Staphylococcus aureus
nfection.26,27 In this current series, 2 patients had infection
aused by Staphylococcus aureus and all staphylococcal
solates were methicillin resistant. The overall outcome was
oor. One patient died of persistent infection, and the other
ad severe postoperative hypoxic encephalopathy.
In summary, the prognosis was poor in patients with
nfection caused by Staphylococcus aureus, which was
ethicillin resistant in most cases.
tudy Limitation
he major limitations of this study are its retrospective
ature and the lack of long-term follow-up information.
ecause of its retrospective nature, there was no consistent
pproach to these patients and the duration of preoperative
ntibiotic use was also variable. However, this study is the
argest case series ever reported in the literature and pro-
ides useful information for the treatment of patients with
nfected aneurysm of the aortic arch.
In conclusion, infected aneurysm of the aortic arch was
ncommon. Nontyphoid Salmonella was the most common
esponsible microorganism. Current treatment with in situ
raft replacement only was associated with high mortality
nd morbidity. Aggressive surgical debridement, possibly
se of multi-branched grafts and pedicled vascular tissue,
nd adjunctive cerebral perfusion probably will improve the
utcomes.
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